ABSTRACT
INTRODUCTION

21
Increasing the share of renewable energy sources in electricity production is a key requirement for achieving goals of reduced fossil fuel dependency and greenhouse gas emissions. With decreasing land area being available 23 for large scale wind energy farms, the oceans as a vast source of sustainable energy have raised significant interest 24 of researchers and technology developers alike. Energy extraction by means of horizontal axis tidal current 25 turbines has seen full scale prototypes deployed at designated testing facilities, supplying electricity to the grid 26 and is currently moving towards demonstrator projects featuring multiple devices.
27
Numerical simulations ranging from simplified blade element method [1] to fully resolved CFD calculations
28
[2], have been used extensively to investigate and optimise the performance of tidal turbine devices and blade 29 sections. The applicability of various methods of modelling energy extraction from tidal flows that represent 30 actual tidal energy sites more accurately has been investigated through a number of studies. Some attempts have 31 been made to investigate array flow fields using a range of methods to model the tidal turbines in CFD simulations 32 [3, 4] , however none of these studies are using experimental data alongside the numerical calculations.
33
Tidal turbines operating in densely spaced arrays of turbines can be optimised in design and location to 34 maximise the electricity generation of the array. Investigating the wake characteristics such as turbulence and 35 velocity recovery, and interactions of multiple wakes within the array will aid in determining optimal spacing 36 parameters for first generation tidal turbine arrays. Due to the relatively shallow waters (approximate water depths 37 of 3 turbine diameters) and confined areas, first generation tidal turbine arrays are likely to experience bounding 38 surface effects resulting from proximity to river or channel banks, free surface and the seabed. Myers, Bahaj [8] and Stallard et al. [9] observed an optimum lateral distance that gave rise to flow acceleration 52 between two adjacent turbines, hence increasing the available energy to downstream devices. However, it was 53 also noted in [8] [9] [10] and that an additional third row of turbines requires increased longitudinal spacing due to 54 increased velocity deficit and turbulence intensities resulting from the two rows of actuator disks installed.
55
The use of Particle Image Velocimetry (PIV) in tidal turbine experiments is still limited to date however it has 56 been applied across a range of wind turbine wake experiments. Unlike ADV and LDV measurements PIV allows 57 to obtain simultaneous non-intrusive flow field measurements, capturing spatial characteristics of larger coherent 500 PIV recordings were taken at each location with a sampling rate of 4.52Hz and processed using LaVision 
123
The velocity deficit reduces gradually throughout the wake down to a deficit of less than 10% of the ambient The initial velocity deficit in the centre-line of the array is lower for the 3 turbine case than in the wake of a However, more detailed investigation is needed to support this. Downstream of the array, the rate of velocity recovery shows more similarity among all three cases. The 154 velocity deficit for all three cases remains at higher levels, resulting from the last turbine being very much located 155 in the wake of the upstream turbines. A faster rate of recovery in this area does indicate increased levels of 156 turbulence that aid in re-energising the wake, hence reducing the velocity deficit. A shows significant differences between experiment and numerical modelling. Close lateral spacing aids in 220 recovering velocity quicker in the centre wake than the two outer wakes.
221
Further improvements of the numerical simulation to more accurately represent the near wake flow field are 222 currently being carried out implementing the results of mesh sensitivity and improved boundary conditions. The 223 final array computations will then be used for comparison of different arrays settings in terms of flow field, as 224 well as estimated generated power by different arrays using the CFD calculations.
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